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PROBLEM TO BE SOLVED: To stabilize behavior of a 
vehicle by determining an ideal steering angle during a 
braking force control and changing the characteristics of 
a steering mechanism such that the difference between 
an actual steering angle and the ideal steering angle 
during the braking force control is reduced. 
SOLUTION: Output signals from wheel speed sensors 
GOFLto 30RR of wheels 12FLto 12RR, a steering angle 
sensor 34, a transverse G sensor 36 and a yaw rate 
sensor 38 are input Into ECU 10 to judge if a braking 
force control is conducted. When it is judged as YES, an 
estimated vehicle speed yaw rate is calculated from the 
wheel speed of a inside front wheel of swiveling and an 
ideal steering angle is calculated form a ve^ipie slip 
angle and an actual steering angfe. A degree fof over- 
steering is calculated from the ideal steering angle and 
the actual steering angle and the assist rate of steering 
force to be realized for the degree of over-steering is 
set. A map determining the assist rate to be realized for 
the degree of over-steering K is memorized in the ECU 10. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
daxoages caused by the use of this trsunslation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the behavior control unit of a car, and relates to the 
behavior control unit of the car which attains stabilization of car behavior by controlling the damping 
force of each wheel especially according to the run state of a car. 
[0002] 

[Description of the Prior Art] Conventionally, the damping force of each wheel is controlled according 
to the run state of a car, and the equipment which attains stabiUzation of car behavior is known so that it 
may be indicated by JP,2-70561,A. If damping force is given to the front wheel located for example, in a 
revolution outer-ring-of-spiral-wound-gasket side at the time of revolution of a car, the damping force 
will act on a car as torque which bars revolution of a car. On the other hand, if damping force is given to 
the rear wheel. located in a revolution inner-ring-of-spiral-wound-gasket side, it will act on a car, using 
the damping force as the torque which carries out the emasculation of the revolution of a car. 
[0003] Thus, the damping force generated for each wheel affects the tumability of a car. Therefore, by 
controlling the damping force of each wheel according to the revolution condition of a car, when swing 
speeds run short the torque of the direction which controls the revolution when a swing speed is 
superfluous again, stabiUzation of generating the torque of the direction which carries out the 
emasculation of the revolution, then the car behavior at the time of revolution can be attained. 
[0004] Target yaw rate gamma 0 on the above-mentioned conventional equipment and corresponding to 
the real yaw rate (revolution angular velocity of a car) gamma of a car, the vehicle speed V, and the 
steering angle delta Deflection deltagamma calculates, and the damping force of each wheel is 
controlled so that the deltagamma is set to "0." Accordmg to this control, it is the target yaw rate gamma 
0 mostly at the time of revolution of a car. The equal real yaw rate gamma can be generated and the 
stable car behavior can be maintained. 
[0005] 

[Problem(s) to be Solved by the Invention] In the above-mentioned conventional equipment, damping 
force control aiming at stabilization of car behavior will be performed that the stable revolution 
condition should be realized under the situation that it is presumed that car behavior becomes unstable, 
supposing car control is not performed at all. Under the present circumstances, in addition to the 
revolution torque according to the steering angle of a steering wheel, the revolution torque resulting 
from the damping force generated suitably for each wheel acts on a car. For this reason, the situation that 
change of a steering angle is hard to be reflected in car behavior is formed during activation of damping 
force control. Under this situation, in order for the increase of the end or cut return of a steering angle to 
be superfluously performed by the operator, consequently to make stabiUty carry out revolution transit 
of the car, to the ideal steering angle originally needed, a real steering angle becomes superfluous or the 
case where it runs short arises. 

[0006] The damping force control which attains stabilization of car behavior stops, when car behavior is 
stable. Under the present circumstances, the revolution torque which acts on a car changes suddenly, and 
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car behavior becomes again unstable at the same time damping force control will be suspended, if 
deflection is between a real steering angle and an ideal steering angle. 

[0007] Moreover, if a road surface mu changes during activation of damping force control, change will 
arise to the revolution torque which originated in damping force control and was acting on the car. If the 
revolution torque resulting from damping force control changes, change will arise in the contribution 
which the cornering force of a steering wheel gives to the revolution behavior of a car. For this reason, if 
change arises to the revolution torque resulting from damping force control under the situation that 
deflection exists between a real steering angle and an ideal steering angle, fluctuation will arise in car 
behavior before and behind that. 

[0008] Thus, if deflection arises between a real steering angle and an ideal steering angle during 
activation of damping force control, car behavior v^U tend to become unstable at the time of change of a 
road surface mu etc. at the time of a halt of damping force control. On the other hand, the above- 
mentioned conventional equipment has like **** the property of being easy to generate deflection 
between a real steering angle and an ideal steering angle during activation of damping force control. 
This point and the above-mentioned conventional equipment were what still leaves the room of 
amelioration when attaining stabilization of car behavior. 

[0009] This invention is made in view of an above-mentioned point, during activation of damping force 
control aiming at stabilization of car behavior, is realizing the steering property a real steering angle's 
tending to be adjusted by the ideal steering angle over the run state of a car, and aims at offering the 
behavior control unit of the car which solves the above-mentioned technical problem. 
[0010] 

[Means for Solving the Problem] In the behavior control unit of the car which the above-mentioned 
purpose controls the damping force of each wheel at the time of transit of a car, and attains stabilization 
of car behavior So that the deflection of a steering angle detection means to detect a steering angle, an 
ideal steering angle detection means to search for the steering angle of the ideal under damping force 
control, the real steering angle under damping force control, and an ideal steering angle may become 
small It is attained by the behavior control unit of a car equipped with a steering property modification 
means to change the property of a steering gear style. 

[001 1] In this invention, said ideal steering angle detection means detects the ideal steering angle over 
the run state of a car during activation of damping force control. Moreover, a steering property 
modification means changes the property of a steering gear style so that the deflection of the ideal 
steering angle and the real steering angle detected by the steering angle detection means may become 
small. According to this configuration, it becomes easy to adjust the real steering angle imder damping 
force control on an ideal steering square. 
[0012] 

[Embodiment of the Invention] Drawing 1 shows the system configuration Fig. of one example of this 
invention. The system of this example is controlled by the electronic control unit (ECU) 10 mentioned 
later. In drawing 1 , 12floor Hnes, 12FR, 12RL, and 12RR show the forward left ring of a car, a forward 
right ring, a left rear ring, and a right rear ring, respectively. The foil cylinder which is not illustrated, 
respectively is included in four wheel 12floor lines, 12FR, 12RL, and 12RR. 

[0013] Each foil cylinder generates the damping torque according to the oil pressure, when oil pressure 
is supplied. Hydraulic-control- valve 14floor hne, 14FR, 14RL, and 14RR (hereafter, in naming these 
generically, it attaches and expresses a sign 14) are connected to the foil cylinder of wheel 12floor Hne, 
12FR, 12RL, and 12RR, respectively. Moreover, to the oil pressure control 14, the oil pressure path 16 
and the reservoir tank 18 are open for free passage. A hydraulic control valve 14 is a two position valve 
which operates according to the signal suppUed fi"om the outside, and realizes the reduced pressure 
location which opens for free passage the boost location which opens a foil cylinder and the oil pressure 
path 16 for free passage, and a foil cylinder and the reservoir tank 18. 

[0014] In the oil pressure path 16, the hydraulic-power-unit diverter valve 20 is open for free passage. 
To the hydrauhc-power-unit diverter valve 20, the source of high pressure which consists of a hydrauUc 
pump 22 and an accumulator 24, and the master cylinder 26 are open for free passage. The hydrauUc- 
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power-unit diverter valve 20 is a two position valve which operates according to the signal supplied 
from the outside, and the normal position which opens for free passage the control activation location 
which opens the oil pressure path 16 and a hydraulic pump 22 for free passage, and the oil pressure path 
16 and a master cylinder 26 is realized. 

[0015] Under the situation of considering as a control activation location, the oil pressure diverter valve 
20 pumps up brake Froude from the reservoir tank 22, and feeds a hydraulic pump 22 to an acciunulator 
24 side. An accumulator 24 stores the oil pressure produced in that case, and suppUes the stable oil 
pressure. with little pulsation to the oil pressure diverter valve 20. For this reason, when the oil pressure 
diverter valve 20 is a control activation location, the predetermined oil pressure according to the 
regurgitation capacity of a hydraulic pump 22 is led to the oil pressure path 16. A master cylinder 26 
generates the oil pressure according to the brake treading strength applied to the brake pedal 28. 
Therefore, when the oil pressure diverter valve 20 is a normal position, the oil pressure according to 
brake treading strength is led to the oil pressure path 16. 

[0016] In this example, the hydraulic control valve 14 mentioned above and the hydraulic-power-unit 
diverter valve 20 are controlled by ECUIO. ECUlO - each wheel 12floor line, 12FR, 12RL, and 12RR - 
- each wheel speed VWFL, VWFR, and VWRL and VWRR (hereafter, in naming these generically) 
wheel speed VW ~ calling ~ wheel speed sensor 30floor line to detect, 30FR, 30RL, and 30RR 
(hereafter, in naming these generically) a sign 30 is attached ~ it expresses by carrying out - the 
steering angle sensor 34 which detects the steering angle delta of the steering foil 32, the horizontal G 
sensor 36 which detects the lateral acceleration Gy which acts on a car, and the revolution angular 
velocity produced in the circumference of the center of gravity of a car - That is, the yaw rate sensor 38 
which detects the yaw rate gamma of a car is connected. 

[0017] The steering foil 32 is connected with oil pressure reaction force type power-steering equipment 
(PS equipment is called hereafter) 40. Hereafter, the configuration of PS equipment 40 is explained with 
reference to drawing 2 . Drawing 2 shows the system configuration Fig. of PS equipment 40. As shown 
in drawing 2 , the steermg wheel 32 is being fixed to the upper limit of a steering shaft 42. The lower 
limit of a steering shaft 42 is connected with the valve mechanism 44. The pinion gear 46 which engages 
with the steering rack which is not illustrated is being fixed to the lower limit of a valve mechanism 44. 
Steering of the steering foil transmits the control force to a steering rack through a steering shaft 42, a 
valve mechanism 44, and a pinion gear 46. Therefore, according to a control force, it is twisted to a 
valve mechanism 44, and torque acts on it. 

[0018] When it is twisted to a valve mechanism 44 and torque acts, diaphragm device 44a to which it 
extracts according to the magnitude of the twist angle generated in the valve-mechanism 44 interior, and 
opening is changed is built in the interior of a valve mechanism 44. The fiinction of drawing device 44a 
can be expressed using four drawing X, X* and Y which are shown within the hmit of an alternate long 
and short dash line in drawing 2 , and Y*. When steering torque is not inputted into a valve mechanism 
44, such drawing X, X\ Y, and Y' When all drawing X, X*, Y, and Y' becomes an equivalent opening 
area and the steering torque of the left steering direction is inputted into a valve mechanism 44 When 
drawing X and Y is expanded, diaphragm X' and Y are reduced and steering TOKURU of the right 
steering direction is inputted into a valve mechanism 44, it is constituted so that diaphragm X' and Y 
may be expanded and Diaphragms X and Y may be reduced. 

[0019] The upstream (upstream of Diaphragm X and X') of drawing device 44a is open for fi-ee passage 
to the oil delivery of an oil pump 48. Moreover, the downstream (downstream of Diaphragm Y and Y) 
of diaphragm device 44a is open for free passage on the reservoir tank 50. The reservoir tank 50 is open 
for free passage to oil inhalation opening of an oil pump 48. Furthermore, into the part which oil 
pressure path 54a which leads to 1st oil pressure room 52a of a power cylinder 52 extracts as diaphragm 
X' again, and opens Y for free passage into the part which extracts as the diaphragm X of diaphragm 
device 44a, and opens Y* for free passage, oil pressure path 54b which leads to 2nd oil pressure room 
52b of a power cylinder 52 is open for free passage, respectively. 

[0020] According to this configuration, when steering torque is not given to a steering shaft 42 at all, the 
oil pressure supplied to oil pressure path 54a and the oil pressure suppUed to oil pressure path 54b 
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become isotonic, consequently isotonic oil pressure is led to 1st oil pressure room 52a of a power 
cylinder 52, and 2nd oil pressure room 52b. In this case, in a power cylinder 52, a thrust is not generated 

at all. 

[0021] On the other hand, if steering torque is given to a steering shaft 42, the condition of Diaphragm 
X, X*, Y, and Y' will become uneven, and oil pressure which is different to the oil pressure paths 54a 
and 54b will be supplied. In this case, differential pressure arises in 1st oil pressure room 52a of a power 
cylinder 52, and 2nd oil pressure room 52b, and the thrust according to that differential pressure is 
generated by the power cylinder 52. 

[0022] By the way, the power cylinder 52 is formed in the shaft orientations of a steering rack at the 
serial. For this reason, the horizontal thrust produced in a power cylinder 52 acts as the force to which 
the variation rate of the steering rack is made to carry out in the steering direction, i.e., steering auxiliary 
force. In the steering control unit of this example, the steering auxiliary force at the time of a steering 
wheel 32 being steered is generated. 

[0023] Moreover, in order to make twist rigidity of a valve mechanism 44 adjustable, the oil pressure 
reaction force room is built in the valve mechanism 44. The oil pressure reaction force room is opened 
for free passage in the oil pump 48 through the oil pressure path 56 by the reaction force oil pressure 
path 58 which opens the reservoir tank 50 for free passage. The variable aperture 60 is formed in the 
reaction force oil pressure path 58 at the downstream of the cormection section with the oil pressure path 
56. According to tiiis configuration, the oil pressure led to the oil pressure path 56, so that the opening of 
a variable aperture is large, i.e., the oil pressure led to an oil pressure reaction force room, tums mto high 
pressure, and on the other hand, the oil pressure led to an oil pressure reaction force room tums into 
constant pressure, so that the opening of a variable aperture is small. 

[0024] The valve mechanism 44 is constituted so that such high twist rigidity that the oil pressure led to 
an oil pressure reaction force room is high pressure may be shown. Therefore, a valve mechanism 44 
shows low twist rigidity, when the opening of a variable aperture 60 is large, and when the opening of a 
variable aperture 60 is small, it shows high twist rigidity. If twist rigidity with an expensive valve 
mechanism 44 is shown, the opening area variation of drawing X [ per unit control force ], X', Y, and Y' 
will become small. Therefore, the steering property, i.e., the high steering property of a feeling of 
rigidity, that the steering auxihary force by the power cylinder 52 is difficult to get is realized in this 
case. On the other hand, if the twist rigidity of a valve mechanism 44 is low, the opening area variation 
of drawing X [ per unit control force ], X', Y, and Y' will become large. Therefore, the condition which 
the steering auxiliary force by the power cylinder 52 tends to acquire, i.e., the steering property that a 
light feeling is, is realized in this case. Therefore, according to the PS equipment 40 of this example, the 
high steering property of a feeling of rigidity and the steering property which gave priority to the light 
feeling are [ both ] realizable by adjusting the opening of a variable aperture 60. 
[0025] Next, with reference to drawing 3 thru/or drawing 9 , the contents of damping force control 
aiming at stabilization of the car behavior performed in the system of this example are explained. 
Drawing 3 shows drawing which expressed the car under anticlockwise rotation with plane view. In 
drawing 3 , "C" expresses the center of gravity of a car. As shown in this drawing, when the car is 
rotating anticlockwise, the yaw rate gamma arises in the direction of a counterclockwise rotation at the 
circumference of the center of gravity C of a car. If suitable YORETO gamma according to the vehicle 
speed V and the steering angle delta is realized during transit of a car, it can be presumed that the car is 
performing revolution transit in the stable condition. On the other hand, if it can presume in a spin 
inclination that the swing speed of a car of a car is superfluous if gamma is superfluous to V or delta and 
gamma is insufficient, a car can presume that the car is not circling ha a drift out inchnation 
appropriately. 

[0026] By the way, the fi-ont wheel FR located during revolution of a car at a revolution outer-ring-of- 
spiral-wound-gasket side as a continuous-Une arrow shows in drawing 3 is damping force FBRK. If it 
generates, it is the damping force FBRK. It acts as torque of the direction which bars revolution of a car 
to a center of gravity C. Therefore, if fi-ont-wheel 12floor line or 12FR by the side of a revolution outer 
ring of spiral wound gasket is made to generate damping force during revolution of a car, the yaw rate 
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gamma generated on the car can be controlled. 

[0027] On the other hand, as a broken-hne arrow shows in drawing 3 during revolution of a car, it is 
damping force FBRK to rear wheel 12RL and 12RR. If it is made to generate, the center of gravity of a 
car will shift to the front-wheel 12floor line and 12FR side, and the centripetal force which goes to the 
method of the inside of the revolution direction will increase. Moreover, damping force FBRK which 
the rear wheel RL located in a revolution inner-ring-of-spiral- wound-gasket side generates It acts as 
torque of the direction which carries out the emasculation of the revolution of a car to a center of gravity 
C. Therefore, if rear wheel 12RL is generated during revolution of a car and 12RR is made to generate 
damping force, the emasculation of the yaw rate gamma can be carried out. 

[0028] then, in the system of this example, perform behavior presumption during revolution transit of a 
car, and when a car is judged to be a drift out inclination according to the presmned behavior Supply the 
suitable oil pressure for the foil cylinder of rear wheel 12RL and 12RR, and when a car is a spin 
inclination It is supposed by supplying the suitable oil pressure for the foil cylinder of front-wheel 
12floor line by the side of a revolution outer ring of spiral wound gasket, or 12FR (fout is called 
hereafter) that stabilization of car behavior is attained. 

[0029] as the criteria which judge whether the behavior of a car is stable in this example - whenever 
[ spin ] ~ whenever [ SV and drift ] ~ DV ~ the concept is introduced. Whenever [ spin ], SV is the 
degree of the oversteer inclination at the time of revolution, and DV is [ whenever / drift ] the degree of 
the understeer inclination at the time of revolution. Hereafter, the technique of asking for them is 
explained with reference to drawing 4 . 

[0030] Drawing 4 shows the equivalent two-flower vehicle model of a four-flower vehicle used in order 
to presume the behavior at the time of revolution of a car. Whenever [ advance vectorial angle / of a 
center of gravity / on drawing 4 and as opposed to / as opposed to / beta / in C / the center of gravity of a 
car / whenever / car-body-speed / an axle in V ] The slip angle of a front wheel and betar (a car-body 
slip angle is called hereafter) and betaf The slip angle of a rear wheel, In resultant force of the comering 
force of rear wheel 12RL and 12RR, and delta, a steering angle and a show the distance of a front- wheel 
axle and a center of gravity C, and, as for the yaw rate whose gamma is a circumference of a center of 
gravity, and Ff, b shows [ resultant force of the comering force of front-wheel 12floor line and 12FR, 
and Fr ] the distance of a rear wheel axle and a center of gravity C, respectively. 
[0031] In the two-flower vehicle model shown in drawing 4 , if car weight is set to m, the equation of 
motion showing in a degree type will be materialized on the Y-axis passing through a center of gravity 
C. 

mV(dbeta/dt +gamma) =Ff+Fr ... (1) 

The 1st above-mentioned term (mV and d beta/dt ) of the left part in (1) type is the multiplication value 
of the acceleration (V- d beta/dt ) of the advancing-side-by-side direction and car weight (m) which act 
on the center of gravity C of a car. Moreover, the 2nd term (mVganuna) of the left part in (1) type is a 
centrifiigal force which acts on a car. Those total value tums into total value of the lateral force which 
acts on a car, and is balanced with Ff+Fr expressed to the right-hand side. 

[0032] The longitudinal direction acceleration Gy which acts on a car that the total value of the lateral 
force which acts on a car is Ff+Fr can be expressed like a degree type. 

Gy=(Ff+Fr)/m ... (2) 

If the above-mentioned (1) formula and (2) types are arranged, translational acceleration (V- d beta/dt ) 

can be expressed like a degree type. 

[0033] 

V- d beta/dt = Gy-V-gamma ... (3) 

Therefore, rate of change of slip-angle beta of a car d beta/dt And slip-angle beta can be expressed as the 
following, respectively. 

d beta/dt =(Gy/V)-gamma ... (4) beta=integral {(Gy/V) -gamma} dt ... (5) 

The parameters Gy, V, and gamma used by the above-mentioned (4) formula and (5) formulas can be 
surveyed by the horizontal G sensor 36, the wheel speed sensor 30, and the yaw rate sensor 38, 
respectively. Therefore, according to the system of this example, they are slip-angle [ of a car ] beta, and 
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its rate of change, d beta/dt It can calculate correctly. 

[0034] By the way, slip-angle beta of a car is a parameter used as such a big value that the swing speed 
of a car is high-speed. Therefore, the thing whose car behavior is a spin inclination and to judge can be 
performed, so that the value is large. Moreover, rate of change of sUp-angle beta d beta/dt In case the 
swing speed of a car increases rapidly, it is a parameter used as a big value. Therefore, it can be judged 
that a car is in a spin inclination, so that the value is large. Then, it sets to this example and is SV 
whenever [ spin ] A constant kl and k2 It used and the definition is given like a degree type. 
[0035] . 

SV=kl, beta+k 2, and d beta/dt ... (6) 

On the other hand, DV is defined based on the yaw rate gamma whenever [ drift ]. That is, when the car 
is circling to stabiUty in the state of a neutral steer, in the circumference of a center of gravity C, the yaw 
rate gamma according to the steering angle delta and the vehicle speed V occurs. Therefore, to the yaw 
rate the real yaw rate gamma measured by the yaw rate sensor 38 is assumed to be from the steering 
angle delta and the vehicle speed V, when small, it can be judged that car behavior is a drift inclination. 
Then, target yaw rate gamma 0 determined by the relation between the steering angle delta and the 
vehicle speed V in this example Deflection deltagamma and a constant k3 with the real yaw rate gamma 
which actually acts on a car It used and DV is defined whenever [ drift ] like a degree type. 
[0036] 

DV=k3 and deltagamma ... (7) 

In this example, ECUlO calculates [ whenever / spin ] DV whenever [ SV and drift ] according to the 
above-mentioned technique, is controlling the damping force of each wheel based on the result of an 
operation, and is attaining stabilization of the car behavior at the time of revolution transit. Drawing 5 
and drawing 6 show an example of the flow chart of the damping force control routine which ECU 10 
performs that this Amotion should be realized. 

[0037] If this routine is started as shown in drawing 5 , in step 100, the various parameters needed for 
activation of this routine will be read first. Specifically, the lateral acceleration Gy which acts on a car 
and the yaw rate gamma, the rate V of a car, and the steering angle delta are read. 
[0038] The above-mentioned (4) formula is followed at step 102, and it is the rate of change of car-body 
slip-angle beta, d beta/dt = (Gy/V) -gamma calculates. Moreover, in step 104, car-body slip-angle 
beta=integral{(Gy/V) -gamma} dt calculates by integrating with the operation value of the above- 
mentioned step 102 according to the above-mentioned (5) formula. And they are SV=kl, beta+k 2, and d 
beta/dt whenever [ spin ] by assigning those operation values to the above-mentioned (6) formula in step 
106. It calculates. 

[0039] At step 108, processing which asks for the vehicle speed V and the target yaw rate gamma 0 
corresponding to the steering angle delta is performed. In ECU 10, it is the target yaw rate gamma 0 by 
the relation between V and delta. It is gamma 0 by memorizing the defined map and searching the map 
with this step. It calculates. Next, target yaw rate gamma 0 for which it asked like the above at step 110 
Deflection delta gamma=gamma 0-gamma with the real yaw rate gamma read at the above-mentioned 
step 100 calculates. And in step 112, DV=k3 and deltagamma calculate whenever [ drift ] by 
substituting deltagamma for the above-mentioned (7) formula. 

[0040] If DV is calculated [ whenever / spin / of a car ] whenever [ SV and drift ] like ****, based on 
those values, damping force control for stabilizing the car behavior at the time of revolution transit will 
be performed. Namely, target sUp ratio SOfout which should be realized at step 114 supposing the case 
where a car is a spin inclination, by the front wheel fout by the side of a revolution outer ring of spiral 
wound gasket Based on SV, it calculates whenever [ spin ]. 

[0041] Like ****, the damping force which the front wheel fout by the side of a revolution outer ring of 
spiral wound gasket generates acts on a car as torque which controls the yaw rate gamma. Therefore, if 
the front wheel fout by the side of a revolution outer ring of spiral wound gasket is made to generate the 
damping force according to SV whenever [ spin ], the spin inclination of a car can be controlled 
appropriately. 

[0042] By the way, in the time of braking, the damping force according to the slip ratio of the wheel 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/26/2006 



JP,09-039762,A [DETAILED DESCRIPTION] 



Page 7 of 13 



occurs for a wheel. That is, the damping force of a wheel is generated when a slip arises on a tire and a 
road surface with the braking torque which acts on a wheel. And the damping force shows maximimi 
with slip ratio (marginal slip ratio is called hereafter) predetermined [ according to the property of a 
tire ], and serves as a value mostly proportional to slip ratio in the field below marginal slip ratio. 
Therefore, when performing damping force control, tiie grip condition of a wheel can always be 
maintained proper by controlling brake oil pressure so that slip ratio does not exceed marginal slip ratio. 
Moreover, in the field in which slip ratio does not exceed marginal sUp ratio, the damping force 
generated between a tire and a road siuface is controllable by controlling brake oil pressure so that slip 
ratio serves as desired value with a sufficient precision. 

[0043] For this reason, in this example, it is supposed that the damping force of each wheel is controlled 
based on the slip ratio of each wheel. At step 114, target slip ratio SOfout which should be reahzed by 
the fi-ont wheel fout by the side of a revolution outer ring of spiral wound gasket is computed by the 
above-mentioned reason based on SV whenever [ spin ]. 

[0044] It is target slip ratio SOfout by specifically searching with SV the map shown in drawing 7 
whenever [ spin ] at the above-mentioned step 1 14. It is computed. A target slip ratio map since SV may 
be computed with a small value whenever [ spin ] even if a car is stable revolution running is the 
predetermined value SV 0. Let the following fields be neutral zones. Moreover, target slip ratio SOfout 
exceeding the marginal slip ratio of a tire In order to prevent being computed, a target slip ratio map is 
the predetermined value SV 1. In the above field, it is target sUp ratio SOfout. It is set up so that it may 
be saturated. 

[0045] the map shown in drawing 6 ~ following ~ target slip ratio SOfout a size suitable in the field of 
S VO <SV when it is set up and the slip ratio is realized by the fi*ont wheel fout by the side of a 
revolution outer ring of spiral wound gasket for the direction which controls the spin inclination 
according to the degree of the spin inclination of a car - **** thing damping force will be generated. 
[0046] Moreover, at step 116, target slip ratio SOrout which should be realized by rear wheel 12RL by 
the side of rear wheel 12RL or 12RR(s) (rout is called hereafter), and the revolution inner ring of spiral 
wound gasket by the side of a revolution outer ring of spiral wound gasket or 12RR(s) (rin is called 
hereafter), and SOrin calculate based on DV supposing the case where a car is a drift inclination, 
whenever [ drift ]. Like ****, the damping force which rear wheel 12RL and 12RR generate acts on a 
car as force of increasing the centripetal force of a car at the time of revolution transit. Therefore, the 
rear wheel rout by the side of a revolution outer ring of spiral wound gasket and the rear wheel rin by the 
side of a revolution inner ring of spiral wound gasket If each is made to generate the damping force 
according to DV whenever [ drift ], the drift inclination of a car can be controlled appropriately. 
[0047] Target slip ratio SOrout which should be reaUzed at this step 116 with the rear wheel rout by the 
side of a revolution outer ring of spiral wound gasket The map shown in drawing 8 is followed, and it is 
the rear wheel rin by the side of a revolution iimer ring of spiral wound gasket. Target slip ratio SOrin 
which should be realized calculates according to the map shown in drawing 9 , respectively. The map 
shown in drawing 8 and drawing 9 is DV<=DVO by the same reason as the map shown in above- 
mentioned drawing 7 . While the field is set up as a neutral zone, in the field of DVl <DV, it is set up so 
that target slip ratio SOrout and SOrin may be saturated. 

[0048] According to these maps, target slip ratio SOrout and SOrin are set up, and they are the rear wheel 
rout by the side of a revolution outer ring of spiral wound gasket, and the rear wheel rin by the side of a 
revolution inner ring of spiral wound gasket. When the slip ratio is realized, respectively, in the field of 
DVO <DV, the damping force of the suitable magnitude for the direction which controls the drift 
inclination will be generated according to the degree of the drift inclination of a car. 
[0049] When the above-mentioned processing is completed, in step 118, the revolution direction of a car 
is specified next. The yaw rate sensor 38 outputs the yaw rate signal with which signs differ according to 
the revolution direction of a car. At this step, the revolution direction of a car is specified based on the 
sign. Thus, specification of the revolution direction determines a revolution outer ring of spiral wound 
gasket and a revolution irmer ring of spiral wound gasket based on the result. 

[0050] If processing of step 1 18 is completed, processing of step 120 shown in drawing 6 below will be 
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performed. At step 120, the presumed car body speed V calculates based on the output signal of the 
wheel speed sensor 30. Like ****, in the system of this example, generate the front wheel fout by the 
side of a revolution outer ring of spiral wound gasket, and the rear wheel rout on either side at the time 
of revolution transit of a car, rin is made to generate damping force, and stabiUzation of car behavior is 
attained. Therefore, wheel speed VW of the front wheel fout by the side of these revolution outer ring of 
spiral wound gasket, and the rear wheels rout and rin on either side Some differences occur between 
whenever [ car-body-speed ]. On the other hand, front-wheel 12floor line or 12FR (fin is called 
hereafter) by the side of a revolution iimer ring of spiral wound gasket does not emit damping force. 
Therefore, front wheel fin by the side of a revolution inner ring of spiral wound gasket Wheel speed VW 
It always becomes car body speed and the corresponding value. For this reason, at step 120, it is the 
front wheel fm by the side of a revolution inner ring of spiral wound gasket. Wheel speed VWFL Or 
VWFR The presumed car body speed V calculates on a radical. 

[0051] If the above-mentioned processing is fmished, it will be distinguished whether next in step 122, 
target slip ratio SOfout >0 set up to the front wheel fout by the side of a revolution outer ring of spiral 
wound gasket is materialized. The slip inclination of a car is strong, and when S V is detected whenever 
[ slip / with which a predetermined value (SVO shown in drawing 7 ) is exceeded ], the conditions of this 
step are satisfied. In this case, processing of step 124 is performed henceforth. On the other hand, the 
slip inclination of a car is weak, and when SV does not fulfill a predetermined value, the conditions of 
this step become abortive. In this case, steps 124 and 126 are jumped henceforth and processing of step 
128 is performed. 

[0052] At step 124, it is theoretical wheel speed VOfout of the front wheel fout by the side of a 
revolution outer ring of spiral wound gasket. It calculates. Theoretical wheel speed VOfout When the car 
is carrying out revolution transit by the presumed wheel speed V, it is the wheel speed presumed to 
generate for the front wheel fout by the side of a revolution outer ring of spiral wound gasket, and 
calculates based on the presumed wheel speed V. In addition, it is this wheel speed VOfout to the front 
wheel fout by the side of a revolution outer ring of spiral wound gasket. When having generated, the slip 
ratio of the wheel is set to "0." 

[0053] If the above-mentioned processing is finished, in step 126, processing for controlling the 
damping force of a front wheel fout will be performed next. Based on theoretical wheel speed VOfout 
and the actual wheel speed Vfout, slip ratio Sfout=(l-VOfoutA^fout) xlOO of the front wheel fout by the 
side of a revolution outer ring of spiral wound gasket calculate concrete first. Subsequently, the slip ratio 
Sfout is target slip ratio SOfout. The brake oil pressure supplied to the front wheel fout by the side of a 
revolution outer ring of spiral wound gasket is controlled in agreement. If this control is performed, at 
the front wheel fout by the side of a revolution outer ring of spiral wound gasket, it is target slip ratio 
SOfout. The braking condition by which it is accompanied is realized. 

[0054] If processing of step 126 is completed, it will be distinguished whether next in step 128, target 
slip ratio SOrout >0 set up to the rear wheel rout by the side of a revolution outer ring of spiral wound 
gasket is materiaUzed. The drift inclination of a car is strong, and when DV is detected whenever 
[ exceeding a predetermined value (DVO shown in drawing 8 ) / drift ], the conditions of this step are 
satisfied. In this case, processing of step 130 is performed henceforth. On the other hand, the drift 
inclination of a car is weak, and when DV does not fiilfill a predetermined value, the conditions of this 
step become abortive. In this case, steps 130 and 132 are jumped henceforth and processing of step 134 
is performed. 

[0055] At step 130, it is theoretical wheel speed VOrout of the rear wheel rout by the side of a revolution 
outer ring of spiral wound gasket. It calculates. Theoretical wheel speed VOrout When the car is carrying 
out revolution transit by the presimied wheel speed V, it is the wheel speed presumed to generate in the 
rear wheel rout by the side of a revolution outer ring of spiral wound gasket, and calculates based on the 
presumed wheel speed V. In addition, it is this wheel speed VOrout to the rear wheel rout by the side of a 
revolution outer ring of spiral wound gasket. When having generated, the slip ratio of the wheel is set to 
"0." 

[0056] If the above-mentioned processing is fimshed, in step 132, processing for controlling the 
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damping force of a rear wheel rout will be performed next. Based on theoretical wheel speed VOrout and 
the actual wheel speed Vrout, slip ratio Srout=(l-VOroutA^rout) xlOO of the rear wheel rout by the side 
of a revolution outer ring of spiral wound gasket calculate concrete first. Subsequently, the slip ratio 
Srout is target slip ratio SOfout. The brake oil pressure supplied to the rear wheel rout by the side of a 
revolution outer ring of spiral woimd gasket is controlled in agreement. If this control is performed, with 
the rear wheel rout by the side of a revolution outer ring of spiral wound gasket, it is target slip ratio 
SOrout. The braking condition by which it is accompanied is reaUzed. 

[0057] If processing of step 132 is completed, next it progresses to step 134 and is the rear wheel rin by 
the side of a revolution inner ring of spiral wound gasket. Target slip ratio SOrin> set up by receiving It 
is distinguished whether 0 is materiaUzed or not. Consequently, when the above-mentioned conditions 
are abortive, steps 136 and 138 are jumped and this routine is ended. On the other hand, when the 
conditions which become target slip ratio S0rin>0 are satisfied, in steps 136 and 138, the same 
processing as the above-mentioned steps 130 and 132 is performed henceforth, and it is the rear wheel 
rin by the side of a revolution inner ring of spiral wound gasket. The braking condition accompanied by 
target slip ratio SOrin is realized. 

[0058] When the routine shown in drawing 5 and drawing 6 by ECUlO like **** is performed and a car 
is a spin inclination, the suitable damping force for the firont wheel fout by the side of a revolution outer 
ring of spiral wound gasket is generated, and the spin inclination of a car is controlled. On the other 
hand, when a car is a drift inclination, they are the rear wheels rout and rin on either side. Suitable 
damping force is generated and the drift inclination of a car is controlled. Therefore, in the car carrying 
the system of this example, the car behavior stabilized during revolution transit is realizable. 
[0059] By the way, damping force control mentioned above is performed that a stationary circle 
revolution condition, i.e., the condition that a front wheel and a rear wheel generate the comering force 
of a proper ratio, should be realized, when the revolution behavior of a car destabilizes. Therefore, even 
if the superfluous steering angle delta is given to a steering wheel, and though the steering angle delta is 
retumed unfairly, as for a car, it is going to maintain a stationary circle revolution condition. For this 
reason, change of the steering angle delta will be in the condition of being hard to be reflected in car 
behavior, during activation of damping force control. Thus, in order to make it circle in a car in the 
stable condition, the superfluous real steering angle delta is generated to the ideal steering angle 
originally needed, or under the situation that change of the steering angle delta is hard to be reflected in 
car behavior, unnecessary steering steering made to run short of the real steering angles delta is easy to 
be performed. 

[0060] And when for example, car behavior is stable, namely, is judged that both DV was controlled 
[ whenever / spin ] whenever [ SV and drift ] below at the predetermined value and damping force 
control is ended under the situation that deflection has arisen between the ideal steering angle and the 
real steering angle, or when a road surface mu changes, car behavior tends to become unstable like ****. 

[0061] for this reason, ideal steering angle delta* corresponding to the run state of a car to under 
activation of damping-force control in the system of this example presuming - a real steering angle 
delta — ideal steering angle delta* in a field mostly in agreement, the big steering auxiliary force is 
generated to PS equipment 40 — making - the real steering angle delta — ideal steering angle delta* 
from — it is carrying out to decreasing the steering auxiliary force of PS equipment 40, so that it 
estranges, ideal steering angle [ after activation of damping force control was started according to this 
configuration ] delta* from ~ in order to realize the steering angle delta estranged greatly, it is necessary 
to input big steering torque into the steering foil 32. For this reason, according to the system of this 
example, it can prevent effectively the steering angle delta cutting superfluously during activation of 
damping force control, and it being carried out increase or being retumed. 
[0062] Theoretical steering angle delta* corresponding to the run state of a car to the inside of the 
contents of concrete processing for realizing the above-mentioned fimction hereafter, i.e., activation of 
damping force control, The contents of processing and its theoretical steering angle delta* for asking 
The contents of processing for being based and changing the property of PS equipment 40 are explained. 
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[0063] As shown in the car model shown in above-mentioned drawing 4 , the relation which the 
cornering force of a front wheel shows in a degree type at the time of stationary circle revolution of a car 
supposing the axle of Fr and a front wheel and distance with a center of gravity C are [ the axle of a and 
a rear wheel and distance with a center of gravity C ] b for the cornering force of Ff and a rear wheel is 
materialized. In addition, since damping force control is performed that a stationary circle revolution 
condition should be realized like ****, it is presumed that the relation shown in following the (8) type is 
materialized during activation of the control. 
[0064] 

Ff:Fr-b:a ... (8) 

By the way, for the cornering force generated for a wheel, slip-angle beta of the wheel is the marginal 
slip angle beta 0. In proportion to slip-angle beta, it increases mostly until it reaches. If the 
proportionality constant is called a cornering power and the cornering power of Cf and a rear wheel is 
set to Cr for the cornering power of a front wheel, Ff=Cf-betaf and Fr=Cr-beta r will be materiahzed. 
[0065] While a car generates the yaw rate gamma in the circumference of a center of gravity C like the 
car model shown in above-mentioned drawing 4 , when circling, it is the velocity vector Vf of a front 
wheel. It can be grasped as the synthetic vector of the vector of magnitude a-gamma which goes to the 
method of the inside of revolution, and the vector of the vehicle speed V. Moreover, velocity vector Vr 
of a rear wheel It can be grasped as the synthetic vector of the vector of magnitude b-ganmia which goes 
to the method of the outside of revolution, and the vector of the vehicle speed V. 
[0066] In this case, the angle which the direction of the vehicle speed V and the travelling direction of a 
front wheel make, and the angle which the direction of the vehicle speed V and the travelling direction 
of a rear wheel make can be expressed as "a-gammaA/'" and "b-gammaA/^", respectively. Therefore, 
using the steering angle delta of a front wheel, and car-body slip-angle beta, slip-angle betaf of a front 
wheel and slip-angle betaf of a rear wheel can be expressed, respectively, as shown in a degree type (9) 
and (10). 
[0067] 

betaf = beta+a-gammaA^ -delta ... (9) betar = beta-b-gammaA/^ ...(10) 

Therefore, the cornering force Ff of a front wheel and the cornering ifbrce Fr of a rear wheel can be 

expressed, respectively, as shown in a degree type (1 1) and (12). 

[0068] 

Ff=Cf (beta+a-gammaA^-delta) ... (1 1) Fr=Cr (beta-b-gammaAO ... (12) 

If the above-mentioned (11) formula and (12) types are applied to the relation of the above-mentioned 
(8) formula, the relational expression of a degree type (13) will be materialized. Moreover, if a formula 
(13) is solved about delta, a degree type (14) will be obtained. 
[0069] 

a-Cf(beta+a-gammaA^-delta) =b-Cr (beta-b-gammaAO ... (13) delta= {a+(Cr/Cf)- (b2 / a)} gammaA/^ + 
{l-(Cr/Cf) and (b/a)} beta ... (14) 

delta shown in the above-mentioned (14) formula is a steering angle which fiilfills the conditions for 
realizing a stationary circle revolution condition. Therefore, if the steering angle delta which fills the 
relation of the above-mentioned (14) formula is realized after damping force control is started and a car 
is controlled by the stationary circle revolution condition, whether damping force control is suspended 
after that or it changes a road surface mu, a stationary circle revolution condition is maintainable [ as for 
a car ]. For this reason, it is delta which fills the relation of the above-mentioned (14) formula in this 
example Theoretical steering angle delta* under revolution transit It uses by carrying out. 
[0070] Drawing 10 is ideal steering angle delta*. Drawing which expressed relation with the real 
steering angle delta on the two-dimensional coordinate is shown. For the delta* =delta straight line 
shown in drawing 10 , the real steering angle delta is ideal steering angle delta*. When in agreement, the 
ideal condition realized is expressed. Moreover, the field of a deltain 1st quadrant * =delta straight- line 
lower part and the field of the deltain 3rd quadrant * =delta straight-line upper part among drawing 10 
The field which is insufficient of the real steering angles delta the field of the deltain 1st quadrant * 
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=delta straight-line upper part, and the field of a deltain 3rd quadrant * =delta straight-line lower part 
For the real steering angle delta, the 2nd quadrant and the 4th quadrant are a superfluous field The 
steering direction and ideal steering angle delta* The field which the direction has reversed, i.e., a 
counter steer field, is expressed, respectively. 

[0071] In drawing 10 , the field where delta* ==delta is materialized, i.e., an ideal field, is a field where 
delta/delta * =1 is materialized. Moreover, the superfluous field shown in drawing 10 is a field where 
delta/delta * >1 is materialized. Furthermore, the insufficient field and counter steer field which are 
shown in drawing 10 are a field where delta/delta * <1 is materialized. Therefore, they are the real 
steering angle delta and ideal steering angle delta* during activation of damping force control. It asks, 
and if they judge whether it has agreed on which conditions of delta/delta * =1, delta/delta * >1, and 
delta/delta * <1, the excess-and-deficiency condition of a steering angle can be judged. 
[0072] In addition, in this example, in order to make next processing easy, it is supposed that the 
characteristic value which is expressed with a degree type and which it degree K Comes to cut too much 
is introduced, and the excess and deficiency of a steering angle will be judged. 
K=(delta/delta*)-l ... (15) 

Namely, according to Degree K, in an ideal field, K< 1 is materialized in K> 1, an insufficient field, and 
a counter steer field in K= 0 and a superfluous field by cutting too much. Therefore, when K is used 
whenever [ end past ], according to any shall be materialized between K= 0, K> 1, and K< 1, the excess 
and deficiency of a steering angle can be judged more easily. 

[0073] Drawing 1 1 is ideal steering angle delta* during activation of damping force control. It computes 
and is the real steering angle delta Theoretical steering angle delta* In order make consistency have and 
to change the rate of assistance of PS equipment 40, the flow chart of an example of the control routine 
which ECUlO performs is shown. Starting of the routine shown in drawing 1 1 distinguishes first 
whether damping force control is performed in which wheel in step 200. Consequently, when it is 
judged that damping force control is not performed about which wheel, either, it judges that it is not 
necessary to perform special processing at all, and this processing is ended as it is. On the other hand, 
when damping force control was performed in which wheel and it is distinguished, it progresses to step 
202 that a suitable steering property should be realized. 

[0074] At step 202, various parameters required for activation of this routine are read. The real steering 
angle delta detected by car-body slip-angle beta calculated by processing of step 104 shown in the yaw 
rate gamma detected by whenever [ presumed car-body-speed / which was specifically calculated by 
processing of step 120 shown in above-mentioned drawing 6 / V ], and the yaw rate sensor 38 and 
above-mentioned drawing 5 and the steering angle sensor 34 is read. 

[0075] After reading of the various parameters mentioned above is completed, it is ideal steering angle 
delta* by next substituting for the above-mentioned (14) formula V, gamma, and beta which were read 
at the above-mentioned step 202 in step 204. It is computed. Subsequently, it is the ideal steering angle 
delta* at step 206. The real steering angle delta read at the above-mentioned step 202 is substituted for 
the above-mentioned (15) formula, it cuts too much, and Degree K is computed. 
[0076] Henceforth, in step 208, after the rate of assistance of the control force which should be realized 
to K is set up, ttiis routine is ended. ECUlO has memorized the map which specified the magnitude of 
the rate of assistance which cuts too much and should be realized to Degree K. The rate of assistance is 
set up by searching the map with this step. 

[0077] Drawing 12 shows an example of the rate map of assistance which ECUlO memorizes. The real 
steering angle delta as shown in drawing 12 , when K is "0" whenever [ end past ] in this example is 
theoretical steering angle delta*. The rate of assistance decreases, so that the rate of assistance is set as 
peak value "1" and K estranges fi-om "0" (i.e., so that the deflection of the real steering angle delta and 
theoretical steering angle delta* becomes large), when in agreement. 

[0078] ECUlO supplies the driving signal according to the rate of assistance set up like the above to the 
variable aperture 60 of PS equipment 40. Consequently, the oil pressure corresponding to the rate of 
assistance set up at the above-mentioned step 208 is led to the oil pressure reaction force room of a valve 
mechanism 44, and the steering property corresponding to the set-up rate of assistance is realized in PS 
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eqmpment 40. 

[0079] When the rate of assistance of PS equipment 40 is set up like ****, an operator is the real 
steering angle delta and theoretical steering angle delta*. In case correction steering of the direction 
where deflection becomes small is performed, the assistant force becomes high gradually. Therefore, 
correction steering of this direction can be performed easily. On the other hand, an operator is the real 
steering angle delta and theoretical steering angle delta*. In case correction steering of the direction 
where deflection becomes large is performed, in order for the assistant force to become low gradually 
and to continue correction steering, big steering torque is needed. Therefore, uimecessary correction 
steering which goes in this direction is prevented effectively. 

[0080] thus, the steering [ according to the system of this example ] angle delta under activation of 
damping force control — theoretical steering angle delta* it has consistency - having - easy ~ and 
theoretical steering angle delta* from - it is hard to estrange. For this reason, according to the system of 
this example, car behavior including the halt [ of damping force control ] and change order of a road 
surface mu etc. is maintainable in the condition of having been stabilized. 

[0081] By the way, in the above-mentioned example, although the twist rigidity of a valve mechanism is 
changed and a desired steering property is acquired by controlling the oil pressure led to an oil pressure 
reaction force room, the technique of changing a steering property is not limited to this. Drawing 13 and 
drawing 14 show other examples of the device in which a steering property is changed. In addition, in 
drawing 13 and drawing 14 , about the same part as the component shown in above-mentioned drawing 
2 , the same sign is attached and the explanation is omitted. 

[0082] Drawing 13 shows the 2nd example of suitable PS equipment for the system of this example. PS 
equipment shown in drawing 13 is PS equipment of flow rate controlling expression to which a steering 
property is changed by changing the oil quantity which circulates diaphragm device 44a. PS equipment 
of this example is equipped only with the variable aperture 64 prepared in the middle of the oil pressure 
path 62 and the oil pressure path 62 as a device in which a steering property is changed. 
[0083] When the opening area of a variable aperture 64 is large, the oil which flowed out of the oil 
pump 48 flows into the reservoir tank 50 through the oil pressure path 62 so much. In this case, when it 
is twisted to diaphragm device 44a and torque acts, it is hard to produce the differential pressure of 1st 
oil pressure room 52a of a power cylinder 52, and 2nd oil pressure room 52b, and the low steering 
property of the rate of assistance is realized in PS equipment. 

[0084] On the other hand, when the opening area of a variable aperture 64 is small, the oil which flowed 
out of the oil pump 48 flows into the reservoir tank 50 through tiie oil pressure path 62 so much. In this 
case, when it is twisted to diaphragm device 44a and torque acts, it is easy to produce the differential 
pressure of 1st oil pressure room 52a of a power cylinder 52, and 2nd oil pressure room 52b, and the 
high steering property of the rate of assistance is reaUzed in PS equipment. 

[0085] Thus, according to PS equipment shown in drawing 13 , the rate of assistance can be made to 
increase by reducing the rate of assistance and making opening area of a variable aperture 64 small by 
enlarging opening area of a variable aperture 64. Therefore, the same function as the PS equipment 40 
shown in above-mentioned drawing 2 is realizable with PS equipment shown in drawing 13 . 
[0086] Drawing 14 shows the 3rd example of suitable PS equipment for the system of this example. PS 
equipment shown in drawing 14 is PS equipment to which a steering property is changed by changing 
the oil quantity which flows out of the oil quantity and the power cylinder 52 which flow into a power 
cylinder 52. PS equipment of this example equips the oil pressure paths 54a and 54b with variable 
apertures 66 and 68 as a device in which a steering property is changed, respectively. 
[0087] When the opening area of variable apertures 66 and 68 is large, the oil quantity which flows into 
a power cylinder 52 when differential pressure arises among the oil pressure paths 54a and 54b, and 
flows out of a power cylinder 52 becomes comparatively abundant. In this case, when it is twisted to 
diaphragm device 44a and torque acts, it is easy to produce the differential pressure of 1st oil pressure 
room 52a of a power cylinder 52, and 2nd oil pressure room 52b, and the high steering property of the 
rate of assistance is realized in PS equipment. 

[0088] On the other hand, when the opening area of variable apertures 66 and 68 is small, the oil 
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quantity which flows into a power cylinder 52 when differential pressure arises among the oil pressure 
paths 54a and 54b, and flows out of a power cylinder 52 becomes comparatively little. In this case, when 
it is twisted to diaphragm device 44a and torque acts, it is hard to produce the differential pressure of 1st 
oil pressure room 52a of a power cylinder 52, and 2nd oil pressure room 52b, and the low steering 
property of the rate of assistance is realized in PS equipment. 

[0089] Thus, according to PS equipment shown in drawing 14 , the rate of assistance can be made to 
increase by reducing the rate of assistance and making small opening area of variable apertures 66 and 
68 by enlarging opening area of variable apertures 66 and 68. Therefore, the same function as the PS 
equipment 40 shown in above-mentioned dravying 2 is realizable with PS equipment shown in drawing 
14. 

[0090] In addition, in the example mentioned above, it is equivalent to the steering angle detection 
means which the steering angle sensor 34 described above. Moreover, the steering property modification 
means which the ideal steering angle detection means described above when ECUlO performed 
processing of the above-mentioned step 204 described above when ECUlO performed processing of the 
above-mentioned step 208 and PS equipment reaUzed the steering property according to the rate of 
assistance is realized, respectively. 

[0091] By the way, in the example mentioned above, although the ideal steering angle under activation 
of damping force control is used as the steering angle which realizes a stable revolution condition, it is 
also possible to set up the steering angle which should be realized in order that this invention may run 
the transit root which is not limited to this and planned as an ideal steering angle. This function can 
detect a self- vehicle location using the navigation system which used GPS, and can read the lane data 
prolonged ahead [ car ] from map data, and the function of an ideal steering angle detection means can 
be realized by calculating the optimal steering angle, when running the lane top by the stable behavior. 
[0092] 

[Effect of the Invention] According to this invention, like ****, it becomes easy to adjust the real 
steering angle under activation of damping force control on the ideal steering square over the run state of 
a car. When the real steering angle and the ideal steering angle had consistency and damping force 
control is suspended, or when a road surface mu changes during activation of damping force control, car 
behavior does not change suddenly. For this reason, according to the behavior control imit of the car 
conceming this invention, when the contribution to the car behavior of the comering force of a steering 
wheel changes, car behavior can be maintained to stability. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dauaages caused by tlie use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 .In the "drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the behavior control unit of the car which controls the damping force of each wheel and 
attains stabilization of car behavior at the time of transit of a car So that the deflection of a steering angle 
detection means to detect a steering angle, an ideal steering angle detection means to search for the 
steering angle of the ideal under damping force control, the real steering angle under damping force 
control, and an ideal steering angle may become small The behavior control unit of the car characterized 
by having a steering property modification means to change the property of a steering gear style. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the system configuration Fig. of one example of this invention. 

Prawing 2] It is the system configuration Fig. of an example of the power-steering equipment used in 

Ae one example of this invention. 

[Drawing 3] It is drawing which expressed the car under anticlockwise rotation with plane view. 
[Drawing 4] It is drawing showing the two-flower model used for the behavioral analysis of a car. 
[Drawing 5] It is the flow chart (the 1) of an example of the dampmg force control routine performed in 
one example of this invention. 

Prawing 6] It is the flow chart (the 2) of an example of the damping force control routine performed in 
one example of this invention. 

[Drawing 7] It is the 1st example of the map used for activation of a damping force control routine. 
[Drawing 8] It is the 2nd example of the map used for activation of a damping force control routine. 
[Drawing 9] It is the 3rd example of the map used for activation of a damping force control routine. 
[Drawing 10] Ideal steering angle delta* It is drawing which expressed relation with the real steering 
angle delta to the two-dimensional coordinate. 

Prawing 11] It is the flow chart of an example of the steering property configuration routine performed 
in one example of this invention. 

[DraAvmg 12] It is an example of the map used for activation of a steering property configuration 
routine. 

[Drawing 13] It is the system configuration Fig. of the second example of the power-steering equipment 
used in the one example of this invention. 

[Drawing 14] It is the system configuration Fig. of the third example of the power-steering equipment 

used in the one example of this invention. 

[Description of Notations] 

10 Electronic Control Unit (ECU) 

12 (12floor line, 12FR, 12RL, 12RR) Wheel 

14 (14floor line, 14FR, 14RL, 14RR) Hydraulic control valve ' 

20 Hydraulic-Power-Unit Diverter Valve 

30 (30floor line, 30FR, 30RL, 30RR) Wheel speed sensor 

32 Steering Foil 

34 Steering Angle Sensor 

36 Lateral Acceleration Sensor 

38 Yaw Rate Sensor 

40 Power-Steering Equipment (PS Equipment) 

44 Valve Mechanism 

44a Drawing device 

60, 64, 66, 68 Variable aperture 
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